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INTKODUOTION 
Tiie main objective of tiiis investigation and similar 
ones made in the past has been to describe the breeding 
structure of a particular domestic breed as based on a 
statistical analysis of inbreeding and relationships in 
pedigrees representative of the breed* 
In the present study, the Aberdeen-Angus bx-eed of beef 
cattle was chosen j^rtly because of the value of comparing 
it with the other major beef breeds which liave previously 
been studied, — the Shorthorn and Hereford. Objectives 
were, first, to find out how much inbreeding has taken place 
since the breed's foundation in Scotland. Second, to what 
extent has the breed structizre deviated from that expected 
in a population breeding at random? Third, what animals 
and herds have been the most important contributors to the 
genetic constitution of the breed? Fourth, what genetic 
importance is attached to the "family" system of nomenclature 
followed by Aberdeen-Angus breeders? Fifth, what is the 
average age of the parents of Aberdeen-Angus cattle, and how 
does this influence breeder's plans? 
Answers were also needed to the more fundamental ques­
tion conceming the nature of the mechanisms which result 
in more inbreeding, if any, than would occur if the mating 
were purely at random. More specifically, wliat part do 
such factors as distance between breeders and periodic expan­
sion and contraction in breed size have on the relationship 
betv/een matings? 
II. REVILTTi OF LITERATURE 
A* Breeding Structiire in Relation to 
Speciation and Breed BDrmation 
Evolutionary processes by wblcii dCHnestlc breeds and 
wild populations change appear to be surficiently alike so 
that the practical animal breeder may find application for 
the evolutionary theory and genetic research of workers in 
the botany and zoology of wild species* The more important 
theoretical aspects of the evolutionary mechanisms making 
up the breeding structure of a population which may, in 
part, be applied to the present study are reviewed by Vi'rlght 
(194G). He points out that the elementary evolutionary 
process is a change of gene frequency which may be brought 
about in a population by such means as recurrent mutations, 
selection, immigration, differential emigration, and, if the 
number of individuals is small, by accidents of sampling the 
genotype. With the data available in this study, vw can only 
attempt to evaluate the effects of limiting population size 
on the amount of chance fixation of genes that takes place. 
Xt is hoped, however, that the comparative effects of isola­
tion due to distance, geography, and some types of breeder's 
mm  ^mm 
plans on breeding structure can be deduced from the degree 
to T/hich these factors affect the inbreeding. 
\¥right (1931) has demonstrated that when there are fewer 
breeding males than females, the inbreeding expected is more 
dependent on the number of males than it is on the number of 
females. The amount of remaining heterozygosis destroyed 
per generation is approximately equal to 1 
8(nTimb0r of breediing males) 
in a population in which there are much larger numbers of breed­
ing females than males. Assuming, of coiarse, that mating is 
random, and that within each sez. the animals have the same 
opportunity to leave descendants. Another situation tending 
to cause the inbreeding to be much larger than the actual 
poptilation size Indicates would exist if different parents 
produced widely different numbers of offspring. Also, if there 
are tremendous differences in the size of the population fron 
generation to generation as with some insects, the number ef­
fective in determining the inbreeding is more nearly estimated 
by the smaller than by the larger size of the breeding population. 
Distance as an isolating mechanism increasing the importance 
of sampling accidents has also been investigated by Wright (1938). 
He has shown that random mating does not take place when there 
are great distances between animals and herds in the population. 
For example, on a plain on which there are no natural barriers 
limiting the migrations of animals, some inbreeding res^Q.ts 
rrom the tendency for animals in the saiue locality to mate. 
If the parents of any given Individual are drawn from a 
region within a given average distance (D) in v/hlch there is 
an effective population size of N, the grandparents would be 
expected to be drawn from an average distance of fSb, in 
which the effective population equals 2N» The ancestors of 
generation "n" come from an average distance fn D and from 
a population of average size nK« The influence of distance 
upon differentiation in a continuous population has been 
shown qualitatively in fish (Thompson, 1931) and in gall 
wasps (Kinsey, 1929), 
Dobzhansky (1941) has prepared an excellent review of 
the isolating effects of distance and homing instincts upon 
the mating habits of a number of species of birds, insects, 
mammals, and fish. 
In purebred cattle populations the iraportsince of such 
barriers to free interbreeding as linebreeding, geographic 
isolation, distance, and periodic fluctuations in popiala-
tion nizrabers are not known as yet, but Wright has set up 
the mathematical models which may b© utilized when the 
necessary data are accumulated for the analysis of these 
various factors. 
B. Historical Backgrotind of the Breed 
The Aberdeen-Angus breed originated as a cross between 
two somewhat similar strains of cattle indicenous to the 
Scottisli counties of Aberdeenshire and Forfarshire (formerly 
called Angussiiire)« Pl-'oai tl:ie historical evidence available 
{Sanders, 1928; MacDonald and Sinclair, 1910) the incidence 
of polledness and of the black color characteristics of the 
breed was high in these native stocks. The agricultural 
value of these cattle to Scottish farmers lay princiimlly 
in their use for work stock and the production of feeders 
to be sold for fattening in the southern counties. Later 
with the development of turnip raising, the cattle were 
fattened in the northern counties and sold on the English, 
market* This practice resiilted in an increased interest 
in the improvement of the cattle tlirougb. breeding. The 
introduction of the Improved Shca^thorn bulls for crossing 
on the native stock becaine a popular practice, and It 
seemed for a -while that the pure native stock would become 
extinct. A few breeders, however, gathered together stocks 
of the native strains of the Aberdeen and Angus cattle in 
order to maintain their purity. 
£ir- Hugh y/atson of Keillor has been considered by his­
torians as the principal fotmder of the Angus. He began his 
operations in 1818, continuing until I860. The herd is said 
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by Willian Watson, a son, to have originated with a selection 
of six of his grandfather's "blackest" cows and one bull, all 
polled. To this foundation Hiigh V/atson added ten polled 
heifers and one bull purchased in Trinity Muir market In 
Brechin, Angusshire. Little is loiovm of his breeding methods 
except that he probably can be considered responsible for 
setting up the standards of polledness and black color which 
have become breed characteristics. It is said that he con­
sistently weeded out aninals which did not have these charac­
teristics, and that he xuated "the best to the best, regardless 
of affinity or blood." He evidently must have followed some 
rather close Inbreeding since it is said that he was tunable 
to find material outside of his own herd which met his stand­
ards. William V/atson, in his memoirs said, "Ttie three oc­
casions of introduction of outside blood were: in 1841 from 
Lord Panraure; in 1859 from Alex Bowie; and lastly in President 
3 from that grand Balwyllo hei^ of Mr. Scott. The two first 
were complete failures, the last a perfect success. President 
3 was in service almost up to the Keillor dispersion." Mr. 
Viatson advertised his cattle extensively through showing, and 
they wrere very successful in Scottish, Irish, English, and 
French livestock shows. Some of the animals he bred which 
have become important, historically, are Grey Breasted Jock, 
113, Old Jock, 126, Pat, 100, Marquis, SOI, Strathir.ore, 124, 
Black Jock, 242, Young Hugh, 630, Maynooth, 63, and Angus, 8 3. 
Some or the raore important females hred in the Keillor herd 
•were Old Grannie, 125, who was the fo\2ndress of the families, 
Kinochtry Princesses, Baronesses, Errfilys and Larks of Easter 
Skene, and Emily, 185, the foundation cow of the Ericas of 
E?allindalloch« Considering the importance of the Watson herd, 
£'r» McCombie of Tillyfour has stated that "There is no herd 
in the country that Is not indebted to Keillor blood." 
Other early herds of importance were those of the Earl 
of Sou.thesk, Mr. Alex Bowie, i'lr. George Williamson, iar. 
Robert V'/alker, Mr. John Liarr, Mr. Hector, and Sir Thomas 
Burnett. 
¥filliain McGoiabie of Tillyfour has been considered as 
the most important of the early breeders from the standpoint 
of improving and advertising the breed. It is said that he 
fotuided his herd with Aberdeens froin the ii/illianson and V/alker 
herds, and Angus from the Watson, Scott, fullerton and other 
herds. His foundation thus ai:>pears to be largely the result 
of crossing these two strains, combining them into wiiat is 
now knovm as the Abordeen-Angvis. Later he acquired such 
noted animals as Queen Mother, 41, bred by Vsillian i>\illertcn 
of iVrdestie. Bulls which he used in his herd were Monarch, 
84, Panmure, 69, Angvis, 83, and Hanton, 80. These bulla 
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were bred at Ardestie, Keillor, and Mains or fCellyi so it 
appears that McCorable*s Toundation stock was or hetero­
geneous origin. His cov/s also cane jTrom a large niimber of 
different herds, and it is reported that he piirchased choice 
animals from other hei'ds whenever the opporttinity presented 
itself* From this fotir^iation he bred Lnany animals that have 
been considered important in the development of the breed, 
such as Charlotte, Rob Koy l«acCrre£or, Black trlxioe of 
Tillyfo\ir, and Pride of Aberdeen. McCombie*s system of breed­
ing follov^ed no set pattern; at times he inbred intensively 
and at other times he used wide outcrosses. He concentrated 
the blood of Panmure in some of the animals in his herd 
through sire-daughter and l\ill brother-sister laa tings. He 
said "In and in breeding roay be piirstxed for a time imtil the 
type is developed; biit to continue for any length of time is 
not only against my experience but I believe against nature. " 
His outcrossing consisted of the use of Harxton, a Bowie-bred 
McCoBibie*s long period of showring winnings began in 1847 
with the winning of Victor, and reached their climax when 
his group won over all breeds at Paris in 1878* 
The Ballindaloch herd was probably without rival as 
far as the length of tiiae which any herd had been continu­
bull, and Angus (1928) reported that 
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ously bred. Polled cattle were kept in the estate as long 
« 
as early breeders can remember, but not until about 1860 
did additions or pedigreed animals to the old stock begin to 
be inade* The cow, Ei^ica, has been given a large amount of 
csedit as a foimdation animal in this herd. Jilt was another 
noted foundation cow in this herd. She was the dan of three 
great bulls, Jur3rraan, 421, Judge, 472, and Justice, 854* 
Young Viscoxuit, 181, for a long time considered the best 
bull in Scotland, v/as pijirchased by Sir George MacPherson 
Grant and used extensively in the herd. This herd was in 
existence until 1934. 
George Grant of Victoria, Kansas imported the first 
Aberdeen-Angus cattle into this country in 187S. The herd 
was short lived, beinj^ dispersed in 1878. 
During the period from 1880 to 1883 it -was estimated 
tiiat about 2000 head of Aberdeen-Ani;:,ua cattle were imported 
and distributed throughout the United States aiid Canada. 
Vif. A, McIiemTy of Denison, Iowa has been regarded by Sanders 
(1928) as the inaster breeder of Aberdeen-Angus cattle in 
Aiaerica. For thirty years Mr. McHenry followed the practice 
of buying the best cattle that he could bring together for 
use as breeding stock. He probably has received the most 
acclaim through the breeding of Earl laarshall, 183780, whldi 
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is considered as tlie greatest Aberdeen-Angus sire produced 
in America (Ainerican Aberdeen-Angus_Breeders * Association, 
1941)« The Mciienry herd was sold to Charles Hscher, Jr» 
in 1918 and cattle of the I^chenry breeding reached their 
peak or productivity from 1916-26 under the management and 
ownership of Lscher and Kyan. 
Briefly sutmriarizing the history of the breed, it seems 
tlmt the foundation stock was heterogeneous involving crosses 
of two rather distinct strains of cattle. The coxamonly ac­
cepted seedbed of the breed was originally the modestly^ 
sized herd of Hugh Vvatson in which sojse dose inbreeding 
was done in order to fix tii© breed type vrhich he desired. 
However, a number of other breeders; naiaely, Pullerton, 
Ferguson, Bowie, Willisirison, //alker, and Scott also were 
forming foundation herds from tiie native stocks at about 
the tiiiie of Watson and soon after* 
C. Analyses of Other Breeds of Livestock 
Wright (1923) rriade the first breed analysis of this kind 
in the Bates herd of Duchess Shorthoi'ns. In that study he 
worked out the complete pedigx'ees of the anijnals and used his 
fonaulae for calculating inbreeding and relationships as given 
in 1922. For analyzing a representative sample of pedigrees 
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in an entire breed in tliis manner, however, tliis proced-ure 
was an almost impossible task. As a result, liiirigJit and 
McFhee (1925) developed the sainpling laethod of analysis. 
With this newer method they analyzed the Shorthorn breed. 
The I'eliability of the sampling method was tested by Lush 
(1932) • He foiuid that the inethod •was as reliable as its 
standard errors Indicated, providing no systematic errors 
were introduced. Since that tine a nisiaber of breeds have 
been analyzed by roany different investi^tors using this 
same method* Stumnaries of these studies are given by 
Willhajn {195S) and Garter (1939). Table I is a tabula­
tion of the results of these studies. 
Tablo i: 
Amount of Inbreeding,"Effective" N-umber of Sires and 
Lensth of Generation Intervals in Domestic Breeds of Various Countries 
Breed Breed's 
location 
Interval 
studied 
Prom To 
Inbreeding 
coefficient 
d?otal Per 
per cent Keneration 
Genera­
tion 
inter­
val 
•^Effective" 
number 
sires per 
generation 
cattle: 
Shorthorn Gp#Britain 1810 1920 26.0 1.2 10 
Dairy Shorthorn Gr»Britain 1810 1920 27»5 1.3 10 
Jersey England 1876 1916 3.9 0,6 21 
Telemark Norway 1898 1921 2.3 0.6 21 
Ayrshire Scotland 1877 1927 5*3 0.6 21 
Brown Swiss Switzerland 1895 1927 1.0 0.2 45-75 
Hoi8teln-F>ie sian n«» Sf) Af 1881 1931 4*0 0.5 4.7 27 
Brovn Swiss U» S« A* 1883 1929 3«8 0.5 5.4 31 
Hereford U* 3* A* 1860 1930 8.1 0.6 5.4 21 
HorseSt 
Clydesdale Scotland 1865 1925 6«2 0.7 18 
Sheep: 
4.2 18 Rambouillet U, S, A. 1892 1926 6.5 0.7 
Hampshire U. S. A. 1911 1935 2.9 0.9 3.7 14 
Swine t 
Landraoe Denmark 1897 1930 6.9 0.5 2.2 25 
Poland«K/hina U, S. A. 1880 1989 9*8 0.6 2.5 20 
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III. IKvESTIGATIOK 
A, Method or Analysis 
1* Calculation of Inbreeding; and relationship 
Wright devised the first genetically acceptable method 
of loeasurins the aiaount of inbreeding which results from 
mating relatives other than regular full sib mating or self-
fertilization. His measure of inbreeding indicates the 
percentage of those genes heterozygous in the population at 
a designated time wliich have probably becoaae hoiaozygous 
through consanguineous uiatlngs. It is thus a sseasure of the 
decrease in heterozygosity relative to whatever amount of 
heterozygosity existed in the population at some base date* 
This increase in homozygosity can be calculated for any 
complete pedigree by the following general fonttula, which ia 
explained by Wright (1922). 
Fx = The inbreeding of animal x ® a [(s)^^ n*-^l (x+pa)]. 
2. = Sunrmation of» 
n - The number of generations from the sire to the conmon 
ancestor. 
n* — The ntunber of generations from the daia to the cosaaon 
ancestor. 
Fa - The inbreeding of the coiamon ancestor. 
15 
Briefly, the genetic theory behind the formula is that the 
foraiula suransarizes the total probability of tv/o identical 
genes from the germ cells of a parent coming together again 
as alleles in a descendant in a subsequent generation. Un­
less there be ancestors common to both sire and dara a decrease 
in heterozygosis from this process cannot take place. 
The labor of computing the Inbreeding for a large num­
ber of animals, such as a representative sample of a breed 
would be exceedingly great if one were to calculate the total 
inbreeding in the complete pedigree of each animal* Thus 
the Wright and McPhee (1925) method of sampling pedigrees was 
used here in order to obtain an unbiased estimate of the 
average inbreeding of the animals in the population. The 
detailed procedure of this method is given by Willham (1955)« 
Using the sampling technique, and one random line traced from 
the sire and one from the dam of each animal in the sample, 
the average inbreeding of a population at any one time be­
come 3: 
i«']3 = The average inbreeding of the breed = 
.50 (l + Pa) -
N s The total number of pedigrees in the sample. 
The reliability of the average inbreeding percentage is mea­
sured by its standard error. The formula for the standard error 
16 -
tenn as given by Wright (1925) is equal to/^ ac in which 
V n ~ 
p = Fraction of the pedigrees with ties. 
q s Fraction of the pedigrees without ties# 
Fh ~ Inbreeding of the breed. 
N = The number of pedigrees in the sample. 
Wright (1922) describes the method of calculating rela­
tionship between any two pedigrees. His general formula for 
calCTilating relationship is: 
R^y = Z (1-^ Fall 
/1+ Fx V 1+ Py 
R^y 2 The relationship between two animals x and y. 
n - The number of generations between z and the 
common ancestor. 
n* r 1510 niamber of generations between y and the 
common ancestor. 
Fa ^ The inbreeding of the common ancestor. 
= The inbreeding of x. 
Fy - The inbreeding of y. 
Thus the formula represents the chance for duplicate 
genes from a conimon ancestor to appear in any two descendants. 
This relationship formula also has been adapted to sampling 
methods by TVright and McPhee (1925). The details concerning 
the arrangement of the pedigree sheets and the method of 
seunpling are described by Vdillham (19S5) . 
17 
The average inter-se relationship aiieasures in terras 
of correlation the genetic lilceness "between animals relative 
to that existing aoiong the ancestors present at a desigjaated 
base period. The average genetic likeness among the animals 
at that base period is taken as the zero point upon which 
to base the measure of lilceness among their descendants. The 
object of tills measure is to evaluate how much the genetic 
similarity between animals in closed populations such as 
breeds has Increased since the base date. 
The formula for calculating the average inter-se rela­
tionship within a breed iss 
Rb = -S<i±JsL_ 
N C1+ Ffe) 
Rfe = Average inter-se relationship within the breed. 
Pgt ^ Inbreeding of the coBsnon ancestor. 
M - The nijjaber of possible ties between animals. 
- Inbreeding of the breed. 
The fonnula for the standard error (Wright, 1925) is 
similar to that for inbreeding: 
Relationship of the whole breed to individual ancestors 
iseasures the extra genetic similarity of certain ancestors 
to the breed as compared to the average relationship among 
animals at the base date. 
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Relationship may be divided into the diretct, and collat­
eral relationship. Direct relationship is that which comes 
about because one aniinal is the ancestor of the other. Col-
ateral relationship is that which comes about because both 
animals are descended in part trcm some of the same ancestors. 
In the sampling process the direct relationship is measured 
as follows: 
D.R. = (Humber of lines to the breed) (1-hFc) 
2K /!+ iha I yi + Po 
Fc - ^ Phe inbreeding of the aniinal itself. 
- The Inbreeding of the breed. 
Collateral relationship is measured as follows; 
^Rw) (iH-Fa) (L)l 
2N ^ 1 + Fj) « + FQ 
Inbreeding of each ancestor. 
The weight given the lines depending on the 
direct relationship of the animal to its 
ancestor throu^ which coiaes its collateral 
relationship to the breed. For instance 
W • »5 when the ancestor is a parent 
« .25 when the ancestor is a gi»and-
parent. 
Number of lines frojn ancestor to breed but not 
through the son or daughter through which it 
is directly related to the anijaal in question. 
Following is an example of part of a pedigree and the 
calculation of the total relationship of an anijaiai to the 
breed. 
Pa = 
w = 
- 19 
•d 
5c 
6c 
I9c2 
Oc 
66d 
4c 
4c 
3c 
total number of appearances of "A" in the sample 
number of times lines from A traced to sire "B"» 
66d 
50d 
6c = niunber of lines tracing from "B" to the breed through 
offspring other than A. 
"d" signifies direct lines of descent. 
"c" signifies collateral lines of descent. 
Direct Relationship = 66(1"V 0) 
800(y 1-f .11 . yi-to) 
Collateral Relationships .50(1 j-Fb) 6 
800(/I + .11 . /l-H O) 
.50(l-k-Fc) 4 
«uu(/ l-h .11 l-t O) 
.25(H-P^) 5 
soo^/i-mi 
.25(1-i-FE) 0 
800c/1 -•-.11 1-t O) 
.25(1+ Fjp) 4 
800(/l -»-.ii .yii- O) 
.25(1-<-Fg) 5 
800(/l +-.11 .y 1-1-0} 
Total Relationship of A to the breed = 74 rS. 
800(/I H-.ii vnDjFo) 
Assuming Fa,B,C,D,E,F,G= 0 
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Coiaputing the inbreeding and relationships of the 
varioxis animals to the breed in this study was greatly 
facilitated by the us© of the punched card modification 
of the Wright and McPhee method as described by Brandt 
and McCrabb {1955)* 
g> Analysis of the Aberdeen-Anpiua Breed 
Purebred Aberdeen-Angus cattle born in the years 1900, 
1910, 1920, 1930 and 1939 in the United States were sampled 
by taicing pedigrees from voluiaes 11, 20, 32, S9 and 46 of 
the Auierican Aberdeen-Angus Herdbooks, respectively. From 
each volume 200 females and 200 males were taken* The samp--
ling was done by taking the first male which appeared on the 
selected page, provided he was bom in the desired year# 
From the next designated page the first cow born in that 
same year was taken. The pages to be sampled were determined 
by dividing the niamber of pages in the herdbook by the mem­
ber of pedigrees that were wanted; so that any two consecutive 
animals were separated by the same number of pages. The 
sample was thus systeiaatic as far as the herdbook was con­
cerned, and presumably was randcan with respect to heivis, 
thus being representative of the breed. 
- 21 
B* Results 
1» InbreedlrtF; and Inter^se Relationship 
The amounts of Inbreeding and inter—se relationship 
foimd in the five years studied are presented in Table II• 
The pedigrees upon which these figures are based were traced 
to the first animals upon ^ ich birth dates were recorded* 
The average birth date of these foiindation animals was 
1850, which in 1959 averaged 17 generations ago* The in­
breeding is not high, being equivalent to about one genera­
tion of half brother-sister mating* For the 1952 show 
winners it is somewhat lower than the sample of the whole 
breed, but for the 1941 slriow winners it is significantly 
higher than the breed sample* The show winners consist 
of the first five animals in each class at the Chicago 
International during 1952 and 1941* There were 68 aniraals 
In each year* The inbreeding in the Angus breed is, how­
ever, higher than that found in other breeds of livestock 
except the Shorthorns* Part of this may be due to the fact 
tiiat the base period is earlier than in some of the other 
breeds* The forty year trend in inbreeding from 1900 to 
1959 has been positive, b = •06ft. ± *06^ per year, or *3% 
per generation (Figure 1)» 
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Table II 
Amounts of Inbreeding and Inter-Se Relationship 
Year Ho, Actual 
Ties Inbreeding 
Inter-Se 
Relation­
ship 
Inbreed-
ing Ex­
pected 
from 
Inter-se 
Relation-
ship 
Ratio or 
Inbreed­
ing Ex­
pected 
to 
Actual 
1900 69 8.9S± .90^ 9.45^ 4.96,^ .56 
1910 96 12.66±1.11 16.29 8.87 .70 
1920 80 10.B2±1.05 12.25 6.52 .60 
1930 107 14.20±1.15 16.14 8.78 .62 
1939 83 11«26±1.10 13.28 7.11 .63 
Show 
winners 
1932 12.86±2.B0 
Show 
winners 
1941 19.16+3.14 
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The differences "between the actual inbreeding and that 
expected from the average inter—se relationship indicate 
the extent to which the breed has been broken up into more 
or less isolated breeding groups. With the inter-se rela­
tionship (R) Imown, the expected inbreeding if niating were 
entirely at random with rospect to relationship would be; 
Table II shows that the expected inbreeding is about 60 
percent of the actual# The ratio of expected to actual is 
practically the same for each of the five years. The cor­
relation between the actual inbreeding and inter-se rela­
tionship is .947, wiiich approaches significance at the .01 
level* j?rom this it is probable that the inbreeding and 
relationship figures fluctuate because of factors affecting 
each to about the same extent. 
It is of interest to probe the importance of certain 
isolating factors which may contribute to a continual rise 
in inbreeding over a period of years. 
Wriglit (1931) has demonstrated that the inbreeding rises 
at the rat© of 1 i 1 
8(Humber of Males) 6(Number of B'eisiales) 
providing that all aniiaals within each sex have equal chances 
of leaving the same n\xtnber of offspring. Since in cattle 
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iierds the number of bulls used is imich smaller than the 
number of females, the 1 formula would roughly 
apply ignoring the sinall part played by the 1 • 
g-p 
However, the nuiaber of aires being used in registered 
herds is not available* The data believed to be most 
representative of the probable number of sires are the 
number of breeders. Estirnates of the nuiaber of breeders 
at any one tixae were obtained by dividing the official num­
ber of registrations in each of the years studied by the 
average niunber of animals registered by each breeder in 
the herdbook for that year. For exariple, the number of 
breeders in 1939 = Official registration numbers for 1939 
» Number of entries in Volume 46 • The entries and 
* Number of breeders in Volume 46 
breeders in Volumes 11, 20, 32, 39 and 46 were used in 
estimating the number of breeders in 1900, 1910, 1920, 
1930, and 1939. Breeders genersilly own at least one herd 
b\ill and frequently two or irjore; thus a figure based on the 
nTomber of breeders is probably an imderestimate • Table III 
shows the increase in inbreeding expected per generation 
with a limited nuiaber of breeding bulls, each bull having an 
equal opportianity as a sire. The increase in inbreeding 
due to the limited number of sires in the breed would accotmt 
for only two percent of the actual rate of increase per gen­
eration. Had mating been completely at random, an average 
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Table III 
Increase in Inbreeding per Generation Expected 
if Limited Hiuabers of Sires were the Only Factor 
Causing Inbreeding 
Year 
NTjjnber 
of 
Breeders 
Increase in Inbreeding 
Expected Per Generation 
if Mating were Random 
1900 
1910 
1920 
1950 
19S9 
Average 
825 
1739 
4604 
1050 
5415 
2S27 
•015^ 
.007 
.003 
.012 
.004 
.005 
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or only 58.5 sires would have been needed in order to maice 
the inbreeding rise at its present rate. Tbis along witb 
tJne inter-se relationship indicates that the breed has been 
broken into a number of sub-groups wiaich have been partially 
Isolated from one another. 
2. Effect of Distance as an Isolating Mechaniaai 
Wright (1940) iias shown that distance is a mechanism 
which decreases the effective size of breeding populations. 
The greater the distance which animals travel before they 
meet their roates the more unlikely It is that they should 
mate with a relative; however, if generation after genera­
tion animals should tend to iiaate with those bred in the 
same vicinity, then the chances of their being more closely 
related than random anicials in the breed are greatly in­
creased. In purebred cattle populations distance may also 
be an important factor contributing to partial isolation of 
sections of the breed. If, for instance, breeders should 
tend to buy their herd bulls in their own localities, dis­
tance would become a factor cutting down the average effec­
tive size of the breeding population. 
In order to evaluate the isolating effect of distance 
it is necessary to know, first, how far each breeder 
goes to obtain his herd sii»es5 and second, what is the 
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efrective n\iinber of breeding males in the area circumscribed 
by a radius equal to that distance. 
Samples of 100 animals born in 1950 and registered in 
Volume 59 of the herdbook and 100 aniajals born in 1959 and 
registered in Volume 46 were used in this analysis. The 
distance which each breeder went to obtain his sire v/as 
calculated by ^ieas^lring th© mileage between the one breeder 
and the breeder or the sire which he used in his herd. The 
breeders' addresses were given in the herdbooics, and the 
mileage was obtained by measuring the linear distance be­
tween the towns as given in the 1941 Rand Morally Atlas. 
The average distance Tsflaich 100 breeders in 1950 went for 
their sires was 361 miles. In 1939 100 breeders travelled 
552 miles. 
It was necessaj^y to make several assumptions in order 
to obtain as estimate of the effective number of breeding 
males available to a breeder seeking a bull in the area 
which the radial distances covered. First, it was assumed 
that the number of breeders in the area was equal to the 
number of breeding bulls available. This would mean that 
a breeder had the choice of baying only one bull in every 
herd in the area. This is not likely to be true. However, 
any two bulls produced in the same herd which might be for 
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sale are probably more closely related tiian bulls not bred 
In the sa^ne herd* This relationship would be about 25-30 
percent ir the breeders of the bulls used only one herd 
sire at a tlLie. This probable relationship between bulls 
available from any one herd plus the likelihood that not 
all "breeders within the area v/o\ild have bulls for sale 
tend to reduce the error in supposing ttmt the number of 
breeders is equal to the effective nuiabor of sires in triat 
isolated area. The density of the purebred cattle herds 
per 1,000 square riileswas obtained "by dividing the number 
of breeders in each state in 1900 and 1939 by the area 
of timt state. If breeders went outside of their state 
for bulls, the density was obtained by averaging the 
densities of purebred herds in all of the states circum­
scribed in the average distance traveled* The actual 
number of breeders v/as then calculated by mvitiplying the 
a^'erage number per 1,000 square miles by tiie area covered* 
For example, in 1939 Breeder "A" in Filey, Nebraska went to 
Breeder "B" in Des Moines, Iowa, for his bull, a distance 
of about 200 railes. In the radius of 200 miles around 
Filey, ijebraska, "A" could have obtained bulls in Kansas, 
Nebraska, and Missouri as well as Iowa* The average num­
ber of breeders per 1,000 square miles in these states 
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v/as 3.8, The approxiaiate area tliat Breeder "A" could 
have covered within the 200 islles was 126,000 square miles. 
Thus 126 X 3<.a ® 479 breeders froK which "A" could iiave 
theoretically obtained a sire* In 1939 there were on the 
average 653 breeders witlxin the distance which other breed­
ers v;ent for their sires; in 1930, there "were on the average 
339 breeders within that distance* Cornpariii|; these figures 
•with those in Table III, it appears that distance as an 
isolating raechanism would itself cut the effective nmiber 
of sires to about 20 to 30 percent of the total number of 
sires being used in the breed at one time* The inbreeding 
expected per generation in 1939 was *02^^^ and in 1930, *04%, 
if we assume that distance was the only llraitation on the 
effective number of males. This is only about ten percent 
of the act\ml increase in homozygosis per generation* 
5* Short Time Fluctuations in the Amount of Inbreeding 
In Figure 1 some large deviations of the actual in­
breeding percentages for the five different years studied 
from the regression line are slri-own* Cochran (1942) demon­
strated that these deviations are significant at the *05 
2 
level* The r y*x equals 3.S69 with 3 d.f* and the average 
error variance of the five inbreeding values equals 1*165* 
laius F ® - 3*32* For 3 and infinity degrees of free-
1 *165 
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dOBi, P s 2.60 at the *05 level. This method ol' testing 
significance ignores sampling error in the denominator, 
but it would appear as if the denominator should carry 
the equivalent of at least 100 degrees of freedom which 
would still make the result significant. 
The significance of these deviations Justifies specu­
lation upon what factors in the breeding structure cause 
these differences from sample to sainple. They might take 
place if the popularity of certain ancestors shifted rapidly. 
Such tendencies should show up inirriedlately In the relationships 
of these temporarily popular animals to the breed. However, 
this has not been the case in this study, for it is shown 
in Table VI that the relationship to the breed does not vary 
greatly from sample to sample for the important ancestors. 
Another indication that these fluctuations are due to 
soaietiaing other than popularity in bloodlines is the fact 
that the breeds which have been stiidled recently show ten­
dencies to rise or fall at about the same time. This is 
shown in Figure 2. The correlations between the percentages 
of inbreeding in the different breeds at the same periods 
are as follows: 
^Angus • Herefoi»d « .93 
^Angus . Holstein « .85 
^Hereford • 2iolstein = .63 
51a 
-o^ Hereford 
Holstein 
J_ I I 
900 1910 1920 
Yeors 
1930 
Fig.2. Trends of inbreeding in Aberdeen-
Angus, Hereford and Holstein breeds. 
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With two degrees of freedom a correlation of .95 is 
required for significance at #05 level# 
It appears that any mechanism or group of mechanisms 
which influences the breeding struct^ire of these breeds 
simultaneously must be something which is influencing the 
mating policies in all herds, regardless of breed. The 
most plausible theory, in the writer's opinion, associates 
breeders' mating systems with economic conditions# It 
seems reasonable timt breeders might tend to breed their 
own sires and dams v;hen there is little opportunity to sell 
surplus breeding stock at a profit* On the other hand, 
when prices are good and purebred cattle are selling rapid­
ly there is possibly a greater tendency for breeders to go 
outside of their own herds and comrminities and to spend 
more money for new blood from other herds. Tlie effect of 
economic conditions on the amotmt of trade in beef cattle 
was estimated by using seven year trends of numbers and 
prices of purebred breeding cattle sold at public auctions. 
For example, the yearly trend in numbers of purebred Angus 
sold at public auction during the period 1922-28 was almost 
steadily downward. The actual ntimbers sold at auction by 
years, beginning in 19S2, were 1564, 1403, 870, 626, 590, 
650, and 576. The average decrease in nxanbers of Angus 
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sold per year for the period was -171 »1S as shown in Table 
TV. ?;'hen these short ti;ne trends "were negative they in­
dicated timt there was a tendency for trading in purebred 
cattle to decrease, \vhen these short trends were positive 
they indicated that the pvvpebred cattle business was in­
creasing and that cattle were changing bjands rapidly. Periods 
of Increased traffic in cattle would be expected to influence 
tJie Inbreeding in the herds much the sane as periods of ex­
tensive migration v;ould Infl'aence the inbreeding in a natural 
population. Correlations between the short tine trends in 
numbers of purebred cattle sold at public auction and sub­
sequent deviations from the inbreeding trend line were cal­
culated for the Angus and Hereford breeds. Tliese are shown 
in Table 31 • An interesting featiire of this table is the 
comparison of the positive and negative trends. With but 
one e:xception the trends in niJiabers sold and in deviations 
from expected inbreeding are in the sazne direction for both 
breeds. Also, with one exception, the positive trends in 
ntunbers sold are followed by decreases in inbreeding and 
negative trends in numbers sold are followed by increases 
in inbreeding. The correlations between these short tiiae 
trends and subsequent inbreeding fluctuatioris for the two 
breeds are as follows: 
- S4 -
Table IV 
Trends in Ntunbers or Purebred Breeding Animals 
Sold at Public Auction and Subsequent Deviations 
from Expected Inbreeding 
Average Trends in Numbers ;Deviations of Actual from 
Sold per Year ; Expected Inbreeding 
Aberdeen- Here- I Aberdeen- Here-
Years Anfcua ford Years Anf^us ford 
1885-88 .58 1890 + .92^ 
1892-98 + 29.72 +134.39 1900 - 1.36^ 1 •
 
to
 
H
 
1902-08 + 5.47 -240.B6 1910 + 1.72 + .16 
1912-18 + 510.56 + 1782.01 1920 - .77 -1.27 
1922-28 -171.18 - 55.00 1930 + 1.96 + 1.10 
1952-37 + 233.14 1939 - 1.56 
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Aberdeen-Angus: r = —*63 
HerefoiKi: r = -.71 
Pooled Angus,Hereford: r = -.61 
For the separate analyses there are 4 degrees of freedom, 
vjhich require a correlation of .81 for significance at 
the .05 level. The pooled analysis carried 7 degrees of 
freedom and requires a correlation of .67 for .05 sig­
nificance. 
If the trend in numbers of breeding animals sold at 
public auction is a good indication of the total aiaoujit of 
traffic in purebred cattle, then about 37 percent of the 
short ticie fluctuations may be due to the varying amounts 
of icanigration and emigration into and out of the breeder's 
he3?ds. If these slaort time trends are poor indications of 
the amount of traffic in cattle, then this 37 percent may 
be much too high or much too low as an estimate of the 
causes of these shifts in inbreeding. 
The trend in prices may also be an indication of the 
number of purebred breeding animals being bought and sold. 
Wnen prices are low there is probably little incentive for 
breeders to buy and sell animals. Actually, purebred breed­
ing cattle are not offered for sale in large numbers at 
public auctions when prices are low. This is Indicated 
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by the pooled Hereford and Angus correlation between short 
time trends in prices and numbers sold. This is .67, which, 
is significant with 7 degrees of freedorri. The overall cor~ 
relation between xorice trends and inbreeding fluctuations 
is .58, which is not significant at the .05 level. The 
multiple correlation using the pooled data frora tiie Hereford 
and Angus breeds with trends in prices and numbers as the 
independent variables and inbreeding fluctuations as the 
dependant variable is .66; whereas, with 6 degrees of 
freedom a multiple correlation of .80 is reqxiired for .05 
significance. The use of both variables, trends in prices 
and numbers sold, in a multiple correlation thus accounts 
for but little more of the variations in inbreeding than 
does the trend in numbers alone. 
Another general indication that the population tends 
to be broken into more non-interbreeding groups diiriiig 
periods of depression than in periods of cattle booms is 
shown by the percentage of xaatings in which both the sire 
and dam were bred by the same breeder for the different 
years. 
This assumes that on the average there is closer re­
lationship between the sires and dams bred in the same 
herd than between those in different herds. If the assoamp-
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tion is true then the years in v/hich. the percentages of 
iiome-bred sires and dains are greatest should be the 
years with the largest inbreeding. The method followed 
here was to calculate the entire amount of inbreeding 
visible in tiie pedigrees traced only to the grandparents. 
It was thougnt that tendencies for breeders to use home­
bred sires or to continue using old herd sires on daughters 
would be reflected in the inbreeding arising from half-
sib and parent-offspring matings. Possibility of such a 
relationship being true is shown in Table V* The breeders 
of the sires and dams were tabulated for the same two 
hundred pedigrees, which were selected at reuidom, from 
aniinals born in each of the years 1900, 1910, 1920, 1930, 
and 1939. The percentage of liome-bred sires and dams la 
the percentage of all the mates that were bred by tlie same 
breeder• 
Notwithstanding the evidence that the breeders tend 
to breed more within their herds during times of depressions, 
there is a dlscrei»Eincy which. laay nullify in part the p3?eced-
Ing conclusions* The inter-se relationships rise and fall 
similarly to the Inbreeding; whereas^ if Individual breeders 
tend to Inbreed within their herds, the Inter-se relatlonsSalp 
in the breed as a whole should tend to decrease. Thus It 
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Table V 
Inbreeding in Two Generation Pedigrees; Percentages 
of Mates Bred in Same 
Herd 
Year Inbreeding 
Percent of 
Mates Bred 
in Same Herd 
Trend in KiJinbers 
of Breeding 
Animals Sold at 
Auctions oer Year 
1900 
1910 
1920 
1930 
1939 
4 69^6 
.50 
.38 
1.2S 
lil2 
9iO 
6^5 
7.5 
17.6 
14.0 
29.72 
5i47 
510.56 
-171.18 
233.14 
appears that with respect to relationship, herds existing dur­
ing depressions are not random survivors, but are more closely 
related among themselves than herds existing during expansion 
periods. Thus the factors causing the relationship percentages 
to fluctuate may be those causing the inbreeding to fluctuate. 
However, since the variations in the relationships of the 
breed to recent individual ancestors do not appear to be very 
closely associated with sample to sample fluctuations, there 
is little evidence on the qualitative ciiaracter of these shifts 
in Inter-se relationships 
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4> Variation In Kumbers of Ties Accumulated During Plf-ferent 
Periods of Breed Development 
In Fig* 3 the ties on coRanon ancestors are divided ac­
cording to the years in which, the ancestors were bom, ac­
cording to the approxlnmte number of generations between 
the descendant and the ancestor on which the tie was found, 
and accoi'dlng to the sample in which the ties were foimd. 
Large variations pociJ.r in the number of ties foiind in the 
different periods, ranging from zero to 35 in the individual 
samples• Theoretically, the nxanber of ties with the sampling 
methods used shoiild be the same (except for chance variations) 
in each of the periods or cells if population nioiaber remained 
constant over the whole period, mating was wholly at random, 
and each sire and dam had equal chances of leaving descendants* 
It is evident that these variations are much greater than 
those one would expect from sampling errors. 
An investigation concerning the factors causing these 
ties to vary between periods is of f\mdamental interest be­
cause such factors may increase or decrease the inbreeding 
in the population considerably* 
The following theories are suggested as explanations 
of why these ties are distributed so irregularly among the 
different periods# 
First, tendencies for breeders to llnebreed to certain 
animals would cause an accumulation of ties to appear In the 
17 16 15 14 13 12 II 10 9 8 T 6 S 4 3 2 I Q«miolii)i» to Conmn AncMlor 
.31 8S IB 60 28 29 22 19 16 19 ToM Tin by Gwwellors 
22 59\/Hl\yi06\/l.73^  \20y .60^  
^Kty: 0 *  Lintbretding indti 
0* Number of tiet 
v35/ .$0^  .60\ 
.59^  
J5/ J3/ 
eo^  '60^  
J7y vl5. .12. 
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J>'y ^^ 7J''. YMn 
100/23 /  38 /  27 /  51 10 22 /  ^/ g /^ Tolol Tit by Pifiod 
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Fig. 3. Number of ties os effected by linebreeding proctices, sample, generations bock to common ancestor and time period. 
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period in which that particular animal was horn. This 
linebreeding would probably be the result of breeders de­
siring to increase the relationship of their herds to an 
admired animal. 
Second, physical limitations might make it necessary 
for a certain number of generations to elapse before an 
animal's descendants can be widely spread throu^out the 
breed. For instance, there might be little opportunity for 
an ancestor as recent as a parent or grandparent of animals 
in the pedigree samples to account for very much inbreeding 
in tl:e breed. 
Third, there may be a general tendency for the number 
of ties to decrease gradually as the size of the breeding 
population increases or as the size of 1 decreases. 
•~51 
Variations in number of ties due to this cause would thus 
be expected to decrease in a more regular fashion than they 
actually have, and most of the ties would be found in the 
periods when the breed was very small. If the pedigrees 
17 
of an animal were completely filled, there would be 2 
(over 150,000) animals in the seventeenth generation alone. 
Aince the actual number of Angus cattle was almost certain to 
have been very much smaller, it looks as if there would neces­
sarily be a large number of ties distributed at random 
among the ancestors living in the earlier generations. 
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However, linebreeding may also have been more important in 
the early period because of the physical conditions making 
it easy for early animals to gain widespread genetic prom­
inence since there were fev/ herds in a small area. 
Foiirth, perhaps the slightly upward trend in inbreed­
ing over the forty year period would be reflected in the 
average nusiber of ties in the cells of the different samples. 
l^ultiple correlation iiethods were used in an attempt 
to evaluate tlie relative importance of lapse in generations, 
ti7r.e periods, and trend in samples in contributing to the 
total variation. Unfortunately no method could be devised 
with which an unbiased estimate of the relationship between 
linebreeding and variations in ties could be evaluated. The 
index of linebreeding as shown in Fig. 3 is the ratio 
actual number of ties found in a j?iven period . The num-
number of ties expected in that period 
ber of ties expected was calculated by raultiplying the niiiaber 
of different ancestors in each cell on which ties actually oc­
curred by the factor 1.66, which is the average ratio of the 
number of ties to the number of ancestors in all of the cells . 
Thus if a few anisials tended to be responsible for a large 
number of ties, the linebreeding index would be large* The 
most of the spiiriousness in a correlation between the line-
breeding index and tiie number of ties results from 
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tlie Tact tliat tiie mimerator of the index is the saine as 
the "T" variable v;lth v^hich it is being correlated. The 
^ linebreeding index, ties - entire data; 
howevei*, since it was iinpossible to estimate the amo-unt 
of spuriousness, the sisse of the coirelation cannot be 
properly evaluated. Pigiire 3 shows this relationsiiip be­
tween linebreeding and ties in tabular form. 
The data for the analysis of the effect of time, 
genei^tions, and aaiiiple on variations in ties wore split 
into two groups, 1824-74 and 1875~1939. This was done in 
order to check the relative importance of these variables 
in the two phases of breed development —* the foundation 
period preceding importations into the United States, and 
tiie subsequent period of its growth in this country. The 
data were also analyzed as a unit. 
Figure 4 shows the relationship between the variables 
in the 1824-74 analysis. hTom the size of the correlations 
and betas it appears that an increase in years is the most 
important cause for variation in ties. The generations-ties 
beta was zero, indicating that ancestors no more recent tiSan 
1874 were a sufficient number of generations from the de­
scendants to enable the genes of important ancestors to be­
come widely distributed and more remoteness did not change 
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that further* The small amount cotitributed to the varia­
tion by sample dlfrerences indicates that the forty year 
trend represented by the inbreeding in the different samples 
had little influence on the average number of ties in the 
cells in the foundation period. 
The results of the 1875-1939 analysis are shown in 
Fig. The interesting features of this analysis are the 
changes in the importance ox generations elapsing and the 
forty year trend in inbreeding as represented in the dif­
ferent samples# Since 1875 it appears that when only a 
few generations have elapsed the number of ties from very 
recent ancestors cannot be large. The forty year trend of 
the inbreeding in the samples also is a more important fac­
tor in the recent period than in the foundation period. This 
would indicate that the ancestors born in the recent period 
are jnore important in determining the inbreeding trend than 
those born in the early period. 
Fig. 6 represents the analysis of the entire data as 
a unit. iTom this analysis an increase in chronological 
time is a more important variable than an increase in elaps­
ing generations. The trend in the average number of ties in 
the samples is a very small factor contributing to the total 
variation. 
- 45 -
CO 
Oil 
wl 
CO 
o 
I69fi 
0^ 
o9g: 
R = .193 
n = 40, d. f, = 35, Non-significant R 
G = Jrumber of generations between descendants' 
and ancestors' births. 
P = Time trend (in periods of five years). 
S = Years in wtiich pedigree samples were taken. 
Fig. 4. The Effect of Generations, Time and Sample 
on Variations in Ties, 1824-1874 
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The multiple correlation coefficients indicate that 
these txiree variables fall far short of explaining the 
total variation in ties. It seerr;s likely to the writer 
that the inclusion of an unbiased estiinate of tendencies 
to linebreed might radically change the pictiir© presented 
in this analyses. 
5* Prominent Anircals in the Breed 
The breed was most highly related to the anixrsals 
listed in Table VI* Their relative importance shifted but 
little during the periods in which the samples isere taken. 
The total relationship for each animal is divided into tlie 
direct and collateral parts* W>ien possible, the entire 
pedigrees were traced back five generations in calculating 
the collateral relationship. 
Black Prince of Tillyfour, 77, was by a wide margin 
the animal most highly related to the breed. He is equiva­
lent to a grandsire of the Aberdeen-Angus breed. Black 
Prince of Tillyfour was calved in the herd of William McCorabie 
in 1860; he -was the double grandson of Hanton, 80, and tho 
son of Rob Roy McGregor, 106, both of which i:iad previously 
been herd sires in the McCoEibie herd. Roughly thirty per­
cent of his relationship to the breed was the result of his 
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rH 
1308 
I 
R = .194 
n - 45, d»f, = 41. Non-signlfleant R. 
G = Nvunber of generations between descendants' 
and ancestors* blrtlis. 
p = Time trend (In periods of five years). 
S = Years in whicli pedigree samples taken. 
Pig. 5. The Effect of Generations, Time and Sample 
on Variation in Ties, 1875-1939 
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to 2215 
<o 
cO| 
col 
OI 
R = .39. 
N= 85 d.f,=81. Highly significant 
G = Number or generations between descendants' 
and ancestors' births. 
p = Time trend (in periods of five years). 
S = Years in which animals were born. 
Pig. 6, The Effect of Generations, Time and Sample on 
Variations in Ties, 1824-1939 
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Table VI 
Th© Eight Anlmala Most Highly Related to the 
Aberdeen-Angus Breed 
1900-1939 
Reg. Birth 
Kame No. Date Breeder 1900 
Direct total. 
Rela- Relatlon-
tloR- ship 
SME— 
Black: Prince of 
Tlllyfour 77 
About 
i860 w. McComble 13.2 2^. 1 ±2. 2 
Hanton 80 1B32 A • Bowie 15«1 21. 5 ±1. 7 
Young Vlacount lai 1873 W. Duff 6.7 18. 3 ±2. k 
Rob Roy MacGregor 106 18^8 ¥. HcComble 6.6 IS. 2 ±2. M-
Q-rey Breasted Joolc 113 18^-0 H. Watson 18.1 18. 1 ±1. 3 
Pat 100 H. Watson 9.5 19. 5 ±2. 2 
Earl Marshall 1^37^0 1913 ¥. McHenry 
Blackcap Revolu­
tion 237269 1919 Esoher & Ryan 

1910 1920 1930 
Direct Total Direct Total Direct Total Dire« 
Ion- Rela- Relatlon- Bela- Relatlon- Rela- Relatlon- Rela­
tlon- ship tlon- ship tlon- ship tion­
shiTs shit) ship ship 
!:2.2 16.1 29.1 ±2.4 1^.3 
o^ CVJ 
±2.2 19.4 28.a ±2.3 15.4 
bl.7 16.0 22.3 ±l.g 14.4 lg.9 ±1.6 15.3 23.4 il.9 17.3 
t2.4 9.1 20.6 ±l.g 9.6 20.4 ±2.5 9.9 22.0 ±2.3 9.a 
b2.il- 7-3 20.0 ±2.4 S.5 19.1 ±2.1 9.0 23.1 ±2.5 7.1 
:1.3 26.6 26.6 ±1.5 15.1 15.1 ±1.2 16.6 16.6 ±1.3 15.5 
±2.2 10. g IS. 3 ±2.G 6.5 13.2 ±1.7 6.9 17.2 ±1.9 5.9 
.3 2.9 ±2.0 6.3 9.S ±1.3 10.1 
5-5 8.7 ±1.7 5.6 

.910 1920 1930 19 ^ 9 
it Total 
Relation­
ship 
Direct 
Bela-
tlon-
shlt) 
Total 
Relation­
ship 
Direct 
Rela-
tlon-
ShlT3 
Total 
Relation­
ship 
Direct 
Rela­
tion­
ship 
Total 
Relation­
ship 
29.1 ±2.4 I4.3 25.9 ±2.2 19.iJ- 26.3 ±2.3 I5A 2^4-. 1 ±2.< 
22.3 ±l.g lif.il- IS. 9 il.6 15.3 23. ia.9 17.3 21.3 il.< 
20.6 ±l.g 9.6 20.H- ±2.5 9.9 22.0 ±2.3 9.6 17.5 ±1.J 
0
 • 
0
 
CU 
±2A St.5 19.1 ±2.1 9.0 23.1 ±2.5 7.1 lif.9 ±1.! 
26.6 ±1.5 15.1 15.1 ±1.2 16.6 16.6 ±1.3 15.5 15.5 ±1.:  
IB.3 ±2. D 6.5 13.2 ±1.7 6.9 17.2 ±1.9 5.9 10.g ±l.f 
.3 2.9 ±2.0 6.3 
3 . 5  
9.8 
8.7 
±1.3 
±1.7 
10.1 
5.6 
l^i-.O ±1.S 
12.0 ±1.« 
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collateral relationsloip coining tiirough those two b\ills. 
The miinber of his lines to the breed going throu^ these 
ancestors is shown in Table VII. Black Prince or Tillyfour 
also left a relatively large number of important sons and 
daughters (Table VIII). However other bulls 1-^ve exceeded 
irfiT? in this regard. B'rom published historical material 
(Saniers, 1928) there is no record of his own show winnings; 
although he sired a nxomber of show winners for McCoaibie. 
Principal factors znaking it possible for him to become the 
breed*s most Important biill were: (a) his use in one of 
the largest and most prominent early herds in Scotland, 
(b) his close relationship to two other of the breed's 
most important sires, (c) the widespread use of many of 
his sons and daughters as breeding animals. 
Eanton, 80, was calved in 1852, bred by Alex Bowie, 
and used as a herd sire in the McCombie herd. He was an 
outstanding show anirial, sired the noted show cow. Pride 
of Aberdeen, and prominent bulls, such as Rob Roy McGregor 
and Windsor. About eighty percent of Hanton*s relationship 
was direct from his many prominent sons and daughters. It 
is shown in Table VIII that he was more outstanding in this 
respect than Black Prince of Tillyfour. His ancestors did 
not contribute much to his relationship to the breed. 
Table VII 
Offspring and Ancestors of Black Prince of Tlllyfour, 77, which Carried 
the Most of His Relationship to the Breed 
1939 
Direct Collateral 
Name Reg# Lines : Gener­ name Reg# Total Lines 
No« to : ation No# Lines not 
Breed : to Thru 
Breed 77 
Jilt 422 32 1 Rob Roy MacGregor 106 59 12 
Trojan 198 23 1 Maid of Orleans 78 56 1 
Bright 375 23 2 Hanton 80 144 64 
Pride of 2 Windsor 107 36 18 
Aberdeen 3" 37 10 2 Hanton 80 144 107 
Reform 206 8 2 Bloomer 79 28 9 
Elector 108 7 
Ruth of Tlllyfour 648 4 
Nymph 373 3 
Vine of Tlllyfour 822 2 
Edith 545 2 
Klldonan 478 1 
Clova 395 1 
Black Prince of 
Ennenteer 176 1 
Sir James 995 1 
Favorite 114 1 
Table VIII 
Offspring and Anoestora of Hanton, 80, which Carried the Moat of 
Hie Relationship to the Breed 
1939 
Direct C ollateral 
Mme Reg* 
No* 
Lines 
to 
Breed 
Gener<» Name 
at ion 
Reg. Total 
No# Lines 
to 
Breed 
Lines 
not 
Thru 
80 
Rob Roy BiacGregor 1 
106 40 1 
Maid of Orleans 78 37 2 
Pride of 2 
Aberdeen 38 18 2 
y/indsor 118 11 
Blaok Jock of 
Tlllyfour 205 8 
Jenny of 
Tlllyfour 154 7 
Alford 338 7 
Tarn o'Shanter 553 3 
Napoleon 110 3 
Fancy of 
Tlllyfour 378 2 
Empress of 
France 72 2 
Alaster 298 2 
Favorite of 
Tlllyfour 504 1 
Young Panmure 150 1 
Elector 108 1 
Pat 100 50 11 
Lizzie 81 78 9 
Old Jock 126 51 1 
Spencer*8 Son 112 20 0 
Bpumtte 82 0 0 
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Young Viscount, 181, was brod by William Duff and 
calved in 1873. He was one of tlie greatest of the early 
show bulls, being three times a winner in national compe­
titions, champion of the Royal at E3.1biirn in 1879, and 
winner of the McCombie cup at Aberdeen. He was purchased 
by Sir c-eorge McPherson G-rant for 225 guineas, the highest 
price paid for an Angus bull up to that time. He was used 
successfully as a sire in the Ballindaloch herd. The num­
ber and Importance of his offspring are shown in Table IX. 
His offspring and ancestors contributed about equal amotmts 
to his relationship to the breed. 
Rob Roy McGregor, 106, was bred by William McCombie 
and calved in 1858. He was used in the Tillyfoxir herd 
sticceeding his sire, Hanton. His relationship to the breed 
is large, principally because of the importance of his sire, 
Hanton, and son. Black Prince of Tillyfour (Table Z). 
Grey Breasted Jock, 113, was calved in 1858, bred and 
used in the herd of Hugh Yiatson. He was successftilly ex­
hibited in Scotland and Ireland and was sold in Ireland 
while on exhibition th.®^^- In Table XI it is shown that 
his offspring were the sole contributors to his large re­
lationship to the breed. He stands next to Hanton in the 
number of important offspring which he aired. 
Table IX 
Offspring and Ancestors of Young Viscount, 181, which Carried the 
Moat of His Relationship to the Breed 
1939 
Direct 
Name Reg, 
No. 
Lines 
to 
Breed 
: Gener-
: ation 
Collateral 
Name Heg« 
No. 
Total 
Lines 
to 
Breed 
L5jies 
not 
Thru 
181 
Elba 34753 17 1 Hampton 187 42 0 
Young Hero 1921 17 1 Erica 3" 182 38 0 
Ermine Bearer 1749 16 2 Jamie of Easter 
Err oil 7474 a Skene 199 30 10 
Marshall Var 613 3 2 Matilda of 
Bushranger 732 3 Hillock - Head 188 25 3 
Edelweiss 26597 2 2 Trojan 198 45 28 
Englishman 746 2 2 Erica 2" 183 29 8 
Earl Vohr 3105 2 
Warrior 305 2 
Rougemont 2252 2 
Bushman 7797 1 
Kabul 1537 1 
Clarissa 788 1 
King of Trumps 2690 1 
Table X 
Offspring and Ancestors of Ro"b Roy McGregor 106 Tshich Carried 
the Most of His Relationship to the Breed 
1939 
Direct • Collateral 
Reg» Lines • Gener­ Reg. Total Lines 
^ame No* to ; ation Name Lines not 
Breed I to Thru 
• 
• Breed 106 
Black Prince of 
Tlllyfour 77 45 1 Hanton 80 144 64 
Beauty of 1 Windsor 107 36 18 
Montbletton 683 8 2 Pat 100 50 11 
Duchess of 2 Lizzie 81 78 9 
Westertown 503 2 2 Victor 13S SO B 
Young Hero 1921 1 2 Queen Mother 41 55 37 
Lovely of 
Tlllyfour 656 1 
Bright 375 1 
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Table XI 
Offsprijog of G3?ey Breasted Jock, 113, which 
Carried His Direct Relationship to the Breed 
1939 
Reg* Lines 
Ncune No« to 
Breed 
Favorite 114 36 
Old Jook 126 31 
Keillor Pet 101 21 
Azigus 83 17 
Black Jock 242 12 
Strathmoro 124 4 
Earl Spencer 134 4 
Jane of Bc^fairn 515 1 
Young B'avorit© 252 1 
Hvigh 633 1 
Adam 103 1 
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Pat, 100, was bred by HugJi Viatson and used in the 
Bowie herd» He was the sire of Hanton and Cupbearer* His 
high relationship to the breed came through these two sons 
and his grandsire. Grey Breasted Jock, (Table XII). 
Approximately Tifty percent of* the random ancestral 
lines in 1939 traced to the six bulls just discussed* This 
would indicate that the breed is about fifty percent di­
rectly related to this small group of animals. Their 
large individual relationships to the breed ware due 
principally to the fact that they were closely related 
to each other and thus accumulated 3^rge amounts of col­
lateral relationship to the breed* Fig* 7 shows graphic­
ally the large number of lines passing thrOTogh all six of 
these bulls into the breed* It also shows the lines that 
traced froia the individtial bulls to the breed without pass­
ing throu^ the other more prominent animals. The widths 
of the paths vary with the number of lines connecting the 
important animals or going directly to the breed. 
Earl llarshall, 18S780, has been the most important 
animal in recent times. He was bred by W. A. McHenry and 
calved in 1913. Table XIV shows that he sired a large 
number of offspring that were used in the breed* Most of 
his relationship has been direct* Until he died at the 
age of fifteen. Earl Marshall was used in the herd that 
eoo 
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F'iQ- 7 The overtopping of lines of descent resulting from the close inter-relotionship of the breed's six most importont eoriy 
Table XII 
Offspring and Ancestors of Pat, 100, which Carried the 
Most of His Relationship to the Breed 
19S9 
Mreot : 
f 
Collateral 
Name Reg* 
No* 
Lines 
to 
Breed 
* 
: 
I 
t • 
• 
• 
* 
Gener­
ation 
Name Reg. 
No. 
Total 
Lines 
to 
iJreed 
Lines 
not 
Thru 
100 
Hanton 80 39 1 Old Jock 126 61 1 
Cupbearer 64 IX 2 Grey Breasted 
Jock 113 130 105 
2 Favorite 114 38 12 
Table XIII 
Offspring and Ancestors of Earl Marshall 183780 Vihich Carried 
the Most of His Relationship to the Breed 
1959 
Direct # • Collateral 
» 
• Total 
liame Reg. Lines :Genera- Name Reg. Lines Lines 
Ho. to : tion No. to not 
Breed t Breed Thru 
1939 : 183780 
Blackcap 1 Protine 138372 48 0 
Revolution 287269 21 1 Erica McHenry 
Prince 12" 104123 32 0 
Marshall 261280 8 2 Baden Lad 61883 50 16 
Erwin 2 Pride McHenry 
Marshall 351889 4 42" 82409 13 0 
Quality 2 Eliminator of 
Marshall 3" 389378 3 Ballendaloch 50237 28 9 
Black 2 Erica McHenry 
Marshall 4" 321831 3 6" 71696 13 0 
Quality 
Marshall 369886 2 
Blsick 
I^tar shall 11" 351907 2 
Earl 
Marshall 6" 365583 2 
Thirty-four other 
daughters and sons 34 
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was under the consecutive ownership of Charles Kscher, 
Escher and Ryan, and Harrison and Ryan, He did not have 
a show record himself, but his get won the first prize at 
the International for seven consecutive years, 1918-1924• 
Five of his sons and one daughter won the grand champion­
ship awards at International liivestock Expositions, 
The size and prominence of the herd in which he was 
used was probably a major factor leading to his high re­
lationship. Also he was in one of the feu? large herds 
which weathered the depression of the early and inlddle 
1920*3. Mr. Ryan credited Earl Marshall v/ith siring over 
300 calves. Another factor was the linebreeding program 
followed in the Escher and Ptyan herd. At one tirae seven 
sons and six grandsons of Earl Marshall made up the stock 
bulls used in this herd. It is apparent that after his 
recognition as an outstanding sire he had an excellent op-
portimity to spread his blood throughout the breed. 
Blackcap Hevolution, 28726S, was the siost important 
son of Earl Marsxaall. He was calved in the Escher and Ryan 
herd in 1919, shown by thera and used in their herd. Ke 
was grand champion at the International in 1923, sired the 
first prize get in 1925 and foiir International grand 
champion bulls. Table XIV shows that almost one-half of 
his relationship to the breed was collateral relationship 
through his sire. 
Table XIV 
Offspring and Ancestora of Blackcap Revol-u.tion, 287269, 
V«hich Carried the Most of His Relationship to the Breed 
1939 
Direct • Collateral 
Reg. Lines :Genera- Reg. Total Lines 
Name No. to the :tlon Name Ko. Lines not 
Breed • • to Tliru 
t Breed 287269 
Glencarnock 
Revolution 6" 384963 7 1 Earl !<5ar shall 183780 80 57 1 
Revolution 100" 429423 3 1 Blackcap I/xcHenry 
Revolution of 104" 149400 25 6 H 
Page 11" 407252 3 2 Prot ine 138372 48 0 t 
Revolution 7" 387969 3 2 Erica McHenry 12" 104123 32 0 
Revolution 84" 423972 2 2 Quality Prince 117284 13 0 
Revolution 16" 398669 2 2 Blackbird McIIenry 
Revelerica 378006 2 79" 125458 10 0 
Twenty other sons and 
daughters 20 
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Tbe more important animals arranged approximately in 
the order of their direct relationship to the breed are 
shovjn in Table XV. The number of random ancestral lines 
shows aoiirc© of their direct relationship and indicates 
their importance as sires and dams, but it does not picture 
the extra relationship which comes from their ancestors* 
relationship to the breed thi^ougii other descendants. 
Herds in \^Taich the Foundation Ani^nals wei-e Bred 
Foundation anirnals in this study have been considered 
as those for lyhich birth dates were first recorded# Such 
a definition is justified from a pedigree standpoint as an 
indication that accurate breeding records were beginning 
to be kept at that time® 
Prom Table XVI it appears that five herds provided 
about 65 percent of all foundation stock and were thus the 
important fountainheads of the breed. 
This study substantiates the historians in pointing 
o\at that Hugh V^atson was the most important breeder of 
fotmdation animals. About one-fourth of all of the random 
ancestral lines ended with foundation animals bred in his 
hea^d. Ifuch of the history of these five herds and their 
owners has been recorded by Sanders, 1928; and MacDonald 
and Sinclair, 1910. 
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Table XV 
Number of Ancestral Lines Tracing to Important Anljaials"^ 
JRegis-
Aniiaal tra- Ntaraber of Lines to Breed 
tion T§56 ism 
No. 
Grey Breasted Jock 113 151 226 127 142 130 
Hanton 80 136 136 121 131 144 
Black Prince of 
Tillyfour 77 101 128 120 132 119 
Panmure 69 75 95 83 108 61 
Eat 100 71 89 55 56 50 
Lizzie 81 66 82 62 89 78 
Young Viscount 181 56 79 60 85 61 
Rob Roy MacGregor 106 55 62 72 77 59 
Favorite 114 47 63 39 42 37 
Trojan 198 46 47 51 59 45 
Jilt 422 45 44 64 68 68 
Charlotte 29 45 56 50 61 40 
Windsor (Cow) 107 43 41 41 51 39 
Queen of Ardovie 42 40 43 32 39 37 
Beauty of Tillyfour 2" 425 39 37 33 35 30 
Monarcii 84 39 47 43 49 27 
Hampton 187 38 41 48 49 42 
Earl Spencer 134 37 57 25 45 23 
Lola Montes 40 36 39 35 38 27 
Old Grannie 125 35 34 27 25 18 
Old Jock 126 33 26 59 56 51 
Spencer's Son 112 32 46 21 40 20 
Bright 375 31 48 54 60 43 
Bloomer 79 31 48 43 44 28 
Keillor Pet 101 30 56 12 23 21 
?/indsor (Bui 1) 118 30 22 21 22 28 
Jamie of Easter Skene 199 30 34 38 26 30 
Pride of Aberdeen 6" 356 30 30 30 40 34 
Judge 473 30 20 29 22 34 
Queen Mother 41 62 67 54 74 55 
Cupbearer 64 57 61 61 63 56 
Maid of Orleans 78 56 52 53 66 56 
Erica 184 18 43 66 52 62 
Erica 5" 182 32 42 35 41 38 
Norma 178 28 40 27 46 28 
Iliad 14937 1 17 53 78 75 
Elcho 527 5 25 46 59 39 
Abbotsford 2702 16 22 38 23 22 
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Table XV (Cont'd.) 
Regis-
Animal tra- Number or Lines to Breed 
tlon raJS T^Io ISSo 193^ 
No. 
Palmers ton 444 22 27 37 27 27 
Emily- 186 6 2 36 28 34 
Maid or Orleans 78 56 52 36 66 56 
Juryman 421 25 25 35 62 43 
Beauty of Tillyfour 423 39 14 33 35 30 
Etonian 524 2 8 33 37 31 
Black Woodlawn 42088 0 3 28 66 56 
Earl JAarshall 185780 0 O 2 51 80 
Prince Ito 50006 0 14 31 49 36 
Black Knight 4751 26 5 28 37 31 
Hose of Kelly 65 28 25 33 36 28 
Young Hero 1921 13 18 32 35 29 
Eblito 50098 0 4 16 32 34 
Baden Lad 61883 0 1 6 29 50 
Protine 138372 0 0 0 32 48 
Inky 7784 1 10 25 44 46 
Blackcap Revolution 287269 0 0 0 27 42 
Earl Eric of 
Bal 1 indal 1 o oh 100422 0 0 0 17 41 
Jim James 13896 10 16 25 27 41 
«• Animals having 30 or aiore appearances In any one sample. 
Table XVI 
The Number of Lines-^ Tracing to Scotoh Herds in V/hich 
FouMation Animals v»ere Bred 
No* Ho* 
Lines Ani­
mals 
^2 
No. No. 
Lines Ani­
mals 
—^ 12 
No. No* 
Lines Ani­
mals 
—XOT— 
No* No* 
Line s Ani­
mals 
No* No* 
Lines Ani­
mals 
Breeder 
of 
Herd 
Hugh Watson 168 10 288 5 201 9 207 11 202 13 
W* Fuller ton 100 8 117 5 87 9 105 10 74 5 
Alex Bowie 96 9 62 6 115 12 104 7 138 11 
Lord Panraure 75 1 9 1 83 1 106 1 59 1 
Wm McCombie 48 16 39 10 73 17 53 18 68 19 
W* Ruxton 15 2 11 3 11 4 IS 4 14 3 
R. Scott 13 6 16 7 13 4 13 5 21 7 
Col# Gordon 12 8 6 4 8 3 12 4 16 6 
W* Cooper 12 1 10 1 12 1 10 1 9 1 
Col.Praser 11 4 3 2 7 4 6 3 15 5 
Jas* Carnegie 10 3 8 3 12 3 16 3 16 4 
R. Lyall 10 3 15 3 10 2 7 3 9 3 
H. Sliaw 10 3 12 3 11 3 5 2 4 3 
R. Walker 9 6 13 5 10 5 11 6 23 8 
Howitt 6 1 19 1 11 1 16 1 5 1 
G. M# Grant 8 3 m m 16 3 6 1 17 4 
A, Morison 8 3 2 2 6 3 11 3 7 3 
'Yf Herds responsible for 10 or more appearances in at least one sample. 
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7> Length of Generation Intervals 
The average age or the sires and dams when the offspring 
are born gives an estimate of the average length of time 
between generations. Length of generation intervals Is use­
ful in that it indicates how long it will take to complete 
various breeding plans. In this study the generation inter­
vals wore calculated in three ways: first, by dividing the 
total number of years between the birth dates of the founda­
tion animals and the birtli dates of their descendants by the 
number of generations elapsing; second, by averaging the ages, 
by years, of the sires and dams of 100 animals selected in­
dependently of the other saciples and third, by averaging the 
ages, by months, of the sires and dams of the 400 animals In 
the 1930 pedigree sample. The animals in the second method 
were selected from those cattle bom in 1900, 1910, 1920, 
1950, and 1939 using the same procedure as was used in ob­
taining the pedigree samples. Table XVII shows tliat there 
is very little difference in results frcsn the three methods. 
The average gonei»ation intearval of 5.4 years corres­
ponds closely with the results obtained in other studies. 
Willham (1937) found an average of 5.4 years In the Hereford 
breed. Yoder and Lush (1937) found an average Interval of 
5.4 years in the Brown Swiss breed. Lush, Holbert and 
Willham (1936) found an average interval of 4.7 years in the 
Table XVII 
Avemge Length of Generation Intervals in 
Aberdeen-Angus Cattle in Years 
Sample Method of Calculation 
on ••Rlr'An' •'nAma * •AvAT»nf7Af* fTlfiTJiR Foundati : : Si es :Da s' : erage: Sires' :Da ns' :Average 
Animal to • ;Agea zAges :by J Ages :Ages :by 
Descendant • • :by :by ;Years ; by ;by :Months 
Ave* of • * jYears .•Years • « • » Months .•Months • • 
Sires and Dams • • • « t • • • t 
1900 4.96 4.59 6.49 5.54 
1910 5,03 4.88 6.16 5.51 
1920 5.13 4.87 6.47 5.67 
1930 5.23 4.78 6.73 5.73 4.60 6.94 5.77 
1939 5,35 4.58 6.20 5.39 
•" 6 8 «• 
Holstein-Frleslan breed. Lusii and Lacy (1932) in lierdboolc 
studies found the Toll owing average ages of samples consist--
ing of equal ntaabers of males and fexaales in the various 
breeds; Holsteiix, 3.94; Jersey, 4*20; Guernsey, 3*98; Brown 
Swiss, S.96; Ayrslaire, 4.44; Hereford, 5.26; Shorthorn, 4.28; 
Aberdeen-Angus, 4.86. In the Lush and Lacy stxidy the average 
age of Angus sires was 4»05 years and dams 6,69 years* IJhese 
ages were of the pai'ents of a sample of animals registered 
in Voliame 38 of the Aberdeen-Angus herdbook. The present 
study shows sires average about 4.6 years and dams 6.2 years. 
This diffe3?ence shown in these studies indicates that the 
breeders cull their bulls much more rapidly than their cows. 
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IV. DISCUSSION 
Seventeen generations of recorded loatings have isiade 
It possible to evaluate the nature of the breeding structure 
or the Aberdeen-An^us breed since its foundation period. 
The Angus breed ranks next to the Shorthorn in the intensity 
of the inbreeding foimd. Part of this difference comes from 
the remoteness of the date to Tsrhich pedigrees were traced. 
So far as the recent history of the breed is concerned the 
Angus have not been much more closely bred tiian the Hereford. 
If the base year to which t2ie pedigrees had been traced had 
been 1860 rather than the foxindation, which averages about 
1850, the inbreeding would have been 9.8 percent Instead of 
14.20 percent in 1930 as compared with 8»1 percent in the 
Herefords in 1950. The decrease in heterozygosis resulting 
from consanguineous matings has been very small. 
One can only speculate as to how much the hoenozygosis 
of the breed has been affected as the result of selection. 
It, however, has probably been very small for characters 
other than polledness and black color. Infoniaation con­
cerning the lieritabillty of economic characters such as 
type and rate of growth in swine (Stonaker and Lush, 1942; 
Whatley and Kelson, 1942) indicate that the heritability is 
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sEjall ranging froci 20 to 30 percmt; this makes it seem tin-
likely that there has been imxch ci:iange in gene frequency 
resulting Trom selection* ir the genes for which breeders 
are selecting have not yet approached a frequency of .5, 
they have been decreasing homozygosis by selection* How­
ever, if they are, on the average, past the *5 level they 
are increasing it. 
Another factor affecting the opportiinity to increase 
purity by selection practices would bo the ideals of the 
breeders. Extremes in fleshing qiialities, blockiness, and 
low-setness have long been favored by Angus breeders, and 
if they have not yet reached the point where some of their 
animals are too extreme in these qxialities to be economically 
and physiologically sound, it is possible that such selection 
if the gene frequency is over .5 may have increased homozygosis. 
However, if the breeders are selecting for an intermediate in 
many of the asore important characters, then it laay be safely 
considered that they have approached the limit of any oppor­
tunity that may have existed to increase the homozygosity of 
their stock through selection. Considering the effects of 
consanguineous matings and selection, there is little to 
indicate that the Aberdeen-Angus breed has become so homo­
zygous that further improvement in beef qualities would 
require such extreme measures as the introduction of new 
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blood from the other beef breeds# P'rom the standpoint of 
increasing the prepotency of animals in the breed and 
greater ultiaiate control over the resiilts of roatings, the 
present low level of inbreeding in Angus would indicate 
that promising opportomities await those breeders who wish 
to venture into more rigid systems of close breeding than 
is encoToraged by the present system of pure breeding* 
The increase in homozygosis as indicated by the pedi­
gree samples is largely the result of two things; first, 
the tendency of breeders to linebreed to certain animals, 
and, second, the relatively sirall numbers of highly centi^al-
ized herds in tiie breed during the early foundation years. 
In the early generations of the foundation period about twice 
as many ties were found aa in the period of expansion in the 
United States* In the early period, there was also more 
linebreeding taking place; although the measure of linebreed-
ing used could not be devised so as to give an unbiased esti­
mate of the tarue cause and effect relationship* This early 
linebreeding was probably partly a result of the smaller 
nuBibers of herds and the extreme centralization of the breed 
in Scotland at that time* It evidently was much easier for 
a pop\0.ar animal to rapidly Increase its relationship to the 
entire breed during that time than at present* However, line-
breeding is probably still an Important factor in increasing 
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the homozygosis or the breed, as indicated by the ntuaber 
or ties on Earl Marshall and Blackcap Revolution and their 
high relationships to the breed. It is also interesting 
that It requires laany years before any decided tendency of 
the entire breed to be linebred to a particular animal be-
comes apjjarent* For instance, it was the animals bom in 
1930 which fia^st began to show a strong influence of Earl 
Marshall on the breed- Not until 1939 did his Influence 
become pronounced enough to Include him among the most 
iraportant animals of ti:ue breed* This was 86 years after 
his birth. 
Other factors which influence the breedlnj^ st3?ucture 
of the Aberdeen-Angus breed have been more or less temporary 
in nature, causing the inbreeding to fluctuate widely within 
a relatively short period of time. These factors seem to be 
rjore closely associated with the iinraediate plans and prac­
tices of breeders, and are largely economic in nature# Breed­
ers tend to buy sires in the vicinity of their own herds and 
within a given area the number of breeders evidently fluctuate s 
extremely with varying economic conditions. Breeders also tend 
to use more hc»ne-bred anlinals in dexxressions than they do in 
boon times. For the past forty years the most rapid changes 
in inbreeding percentages seem to be due to these more or 
less temporary conditions. However, it does not appear that 
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tJiey prevent the long time increase in the relationship of 
the breed to proaainent animals# Gradually these popular 
bloodlines appear to filter into nearly every locality 
breeding Axiqv.s cattle* Temporary econonic conditions prob­
ably do niore to slow down this infiltration than they do to 
stoi? it. 
It has long been a conanon practice of Aberdeen-Angus 
breeders to stress the importance of certain faEiilies, No 
justification, genetically, for this practice could be 
found in tiriis stixdy. None of the most iraportant animals, 
genetically, in the breed have been cows; thus the foimdress-
es of the niany families evident3.y have a comparatively low 
relationship to the aniiiials in the breed today, Fi^om a 
genetic standpoint it thus seems futile to analyse the rela­
tive importance of the various female lines, such as tb.e 
Ericas, Queen Mothers, Jilts, Blackbirds, etc® Otherwise, 
this study has resulted in close agreement with the early 
histories of the breed in that it substantiates the opinion 
tliat Hugh V.'atson was the most important breeder of founda­
tion stock and that McCombie, Bowie, the Lords of Paramre, 
and Fullerton -<9ere other iini:)ortant early breeders of founda­
tion aniiaals. Although the actual relative Importance of 
the various early sires had not been portrayed in the early 
histories, these histories emphasized the Importance of 
74 -
nearly all of the top ranking nine bulls in this study, 
Itolln (1923), for instance, found that the genetic consti­
tutions of twenty of the "breeds' show winners in 1918-22 
was, on a "percentage of blood" basis; 7.6 percent Cupbearer, 
16.0 percent Black Prince of Tillyfour, 6«7 percent Trojan, 
10.2 percent Young Viscoimt, and 6.8 percent J\aryman. 
Speculation over the future breeding systems of a breed 
such as the Aberdeen-Angus is risky. The breed's develop­
ment depends, in part of course, on the beef cattle industi^y 
which in turn is subject to changes in consxamer demand and 
sources of supply. Nevertheless, it looks as if the next 
fifty years ciay see a decided shift in the responsibility 
for the improvement of breeding stock into the hands of en­
dowed agencies and probably federal and state institutions. 
The Land-Grant Colleges maintain herds now vftiich might in 
the fut-ore be used in this respect. 
Once the relative values of the economic characters 
in a herd are determined and the heritability of these 
characters is known, indexes can be constructed. Recent 
studies, notably that of Hazel (1941) sugf^est that effic­
iency in selection can be increased greatly over current 
methods through the use of indexes. 
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Another Improvement that naay be predicted for the Angus 
cattle breeding is the abandonment of the family system of 
noxaenclat-ure as a meaningless hangover from breed foundation 
days. Vvhatever emphasis a breeder puts on "family naisies" is 
opportunity lost to select for characters of genetic impor­
tance# Yet, as long as any money value is attached to feuaily 
names, breeders possibly cannot afford to neglect them. 
Genetic progress in beef cattle is of necessity slov/ 
because of the slow reproductive cycles; however, the oppor­
tunities to increase the efficiency of breeders' raethods in 
beef cattle breeding remain almost entirely unexplored# 
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V. sina^KY Ai:D coi:clusioks 
Two thousand pedigrees or animals born in 1900, 1910, 
1920, 1930, and 1939 v^ere analysed by the Yvriglit-McPhee 
sampling method of determining inbreeding and relationship 
coefficients relative to the foundation animals. The 
average inbreeding percentages of the respective samples 
are 8.9, 12.7, 10.8, 14.2, and 11.3. The average rate of 
Increase is .3 percent per generation. Thirty-eight sires 
given approximately equal opportunities to sire calves 
Y/ould have been necessary to cause the inbreeding to rise 
at its present rate if the breed had been mating absolutely 
at random. The average percentage relationship (inter-se) 
between pedigrees in each of the five samples is 9,4, 15.3, 
12.2, 16.1, and 15.5. I'Toin this one would expect the in­
breeding to be about 60 percent of what was actually found. 
The fluctimtions in inbreeding from sample to sample appear 
to be largely the results of decreased trade in purebred 
cattle during times of economic distress and a resulting 
increase in tendency to use home-bred sires and dams. From 
the historic standpoint inbreeding has appeared to be caused 
principally because of linebreeding to admired animals and 
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herds and the small size of the breed in the foiindation 
period# It appears to take at least twenty-rive years 
before a very poprilar ancestor rises to rmicli genetic proini-
nence in the breed* 
Black Prince or Tillyfour (77) is S4.1 percent related 
to the breed (practically equivalent to a grandsire). Re-
lationsiaips of other isaportant animals are Hanton (80), 21.3 
percent; Rob Roy MacGrogor (IDS), 14.9 percent; Grey Breasted 
Jock (113), 15,5 percent; Earl Marshall (185780), 14«0 percent; 
Blackcap Revolution (287269), 12*0 percent. 
Over 60 percent of the foiindation anirmls were fared by 
Hugh. Watson, Alex Bowie, V/illiaBi Fullerton, Williain McComble, 
and Lord Paninure; 50 percent of the foundation aniiaals were 
bred in the Watson herd alone. 
The average interval between generations was 5.4 years. 
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